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CHAPTER I 
OUTLINE OF STUDY 
Statement o~ Problem 
This study was undertaken to compare groups of high-
school seniors in their abilities to perform the arithmetic 
fundamental operations of addition, subtraction, multipli-
cation, and division with integers and decimals. 
Groups compared. -- Seniors in two high schools were 
compared according to the curriculum in Which they were en-
rolled. The comparisons were refined by equating curriculum 
groups according to intelligence-quotient ranges and number of 
years of mathematics completed in high school. 
Table 1. Comparison of Students According to Curricula 
Groups Compared Number of Pupils 
A. Lebanon (Pennsy lvania) High School 
General---------------- - -78 
Vocational - - - - - - - - - - - - - - - - 28 
Commercial - - - - - - - - - - - - - - - - 20 
College-Preparatory - - - - - - - - - - - -_11 
Sub-Total - - - - - - - - - - - - -159 
B. Torrington (Connecticut) High School 
General - - - - - ~ - - - -
Commercial - - - - - - - - - -
College-Preparatory - - - - -
Sub-Total - - - - - -
Grand Total - - - - - -
-44 
- 74-
:m 
II 
I 
Description or students. - In the Lebanon High School, 
students in the general curriculum took a variety of mathe-
matics courses. Some students took a year or two of algebra, 
and others took a year of business mathematics and a year of 
practical mathematics. Commercial students elected two years 
of business mathematics and a year or two of bookkeeping. Boys 
in the vocational curriculum took four years of mathematics 
which were not essentially different from the courses given the 
college-preparatory students. However, the vocational mathe-
matics was called related mathematics, and it put greater 
emphasis on the practical aspects of algebra, geometry, and 
trigonometry related to the pattern shop or the auto shop and 
similar curricula. Many of the college-preparatory students 
took no mathematics beyond plane geometry and second-year 
algebra, although a few students did elect solid geometry, 
trigonometry, and third-year algebra. 
The Torrington students were divided into two categories--
students in the commercial or college-preparatory curriculum, 
and general-course students who did not wish to follow either 
of the first two curricula completely, or who were not able to 
follow one curriculum completely. The commercial students 
took a course called introduction to business, and also two or 
three years of bookkeeping. College-preparatory students 
elected plana geometry and two years of algebra. Relatively 
few students took trigonometry or solid geometry. Students in 
2 
I 
I 
I 
the general curriculum took a year or two of bookkeeping and 
perhaps also algebra, or took a year of algebra and perhaps 
plane geometry, and also a year of bookkeeping. 
The average intelligence quotient for the Lebanon students 
was 98; for Torrington, 104. Of the Lebanon students, 83 were 
boys and 76, girls. 
88 were girls. 
In the Torrington group, 67 were boys and 
Method used in attacking problem. -- Senior students in the 
two high schools were given a test prepared by the author (see 11 
page 69) from which group comparisons could be made, determinin~ 
I which groups of high-school seniors fared better in mastering 
accurately the arithmetic fundamentals of addition, subtraction 
multiplication, and division. The results of the author's 
test were compared with the results of a Stanford Achievement 
Test, Form D, Intermediate Arithmetic, in the Torrington High 
School where both tests were administered. 
Formation of test. - The sort of test desired was one 
which would divide the four operations into equal parts, which 
would be brief enough and difficult enough for senior students, 
and would be brief enough to be given in one class period. 
Such a test was devised, using as the foundation, Teaching 
Arithmetic in the Elementary School (II-Intermediate Grades) 
by Morton. Y 
1 R.L. Morton, Teaching Arithmetic in the Elementary School 
II-Inter.mediate Grades). Silver Burdett Company, New Yor~l938 
In making up the test, the items covered by Morton were 
taken into consideration. In the addition and subtraction 
problems as many different number facts were used as was 
practicable, such as 3 + 4, 3 t 5, 3 t 6, and 3 - 4, 3 - 5, 
3 - 6, and so on. Uneven rows and columns were used, and some 
decimals were inserted since money is often involved in such 
problems. In several of the subtraction problems minuends 
were used ending in, zeros, such as 9400 and .672 • 
.::2S1 -.3681 
In the multiplication problems as many number combinations 
were used as possible. Multipliers were limited to two, three 
and four figures, with decimal forms such as .057, 9.001, and 
1·350 being used. Rounding off in multiplication problems was 
not required since the main purpose of ~he multiplication 
section was to determine accuracy only. 
In the division problems, not only were various combina-
tions of numbers used in the dividend and divisor, but as many 
division situations as possible ware included. For example, 
one type of problem has the divisor "going into 11 the dividend 
almost but not quite two times, resulting 
for the next step of the process, such as 
in a large remainder 
18 
364)6771 and so on. 
3¥~1 
2912 
Another type of division results in a zero appearing in the 
answer because the divisor cannot "go into" the remainder at 
some stage of the process, such as 
Various types of decimal and 
6o4 
22)133000 
132 
100 
88 
and so on. 
zero forms were used in the divisors, -
such as .076, 22.0, 4.7, 890, and 8004. These situations are 
discussed by Morton rather completely, and were followed closel 
by the writer. 
After the test had been completed initially, the writer 
compared it with the mixed fundamental problems found in the 
arithmetic workbook for eighth-grade students by Lennes and 
Traver, called The Lennes Essentials of Arithmetic (Grade Eight) 
l/ This comparison showed that the original addition problems 
were too simple. On the other hand, the original division 
problems appeared to be too difficult as compared with those 
used by Lennes and Traver. As a result, the addition problems 
in the test were remade into slightly more difficult items, and 
the division problems were remade into simpler problems. 
In all, 40 problems were used--10 of eaeh type involving 
the four fundamental operations. A trial test was given to a 
few average students in the Cambridge Rindge Technical School 
to get a time factor for the test. The average time for 
completion was about 40 minutes. Thereupon, a few of the 
division problems were simplified further in order to cut down 
on the amount of time that would be required for completing the 
1 Lennes and Traver, The Lennes Essentials of Arithmetic 
Grade Eight) workbook. Laidlow Brothers, Chicago, 1937· 
5 
test. After this final revision, one four-digit divisor (8004) 
remained, three three-digit divisors, five two-digit divisors, 
and a one-digit divisor. 
The test was mimeographed in two parts, with five addition, 
five subtraction, five multiplication, and five division 
problems in each part. This partition of 20 problems in each 
half was made to take care of slower students who might dawdle 
over the addition problems, and never work through any of the 
division problems. It was felt that if the student completed 
half of the problems of each fundamental type, a more accurate 
judgment could be advanced upon the relative abilities of these 
slower or lazy students. 
Presentation of test. The author's test was first given 
to 192 senior stuGanta in the L&banon (Pennsylvania) High School 
on Tuesday, March 18, 1947. Since no classroom was large 
enough to hold this number of students, the test was conducted 
in the school auditorium. Students had been instructed to 
bring a book with them on which to write, and by alternating 
seats throughout the auditorium they had ample room to use the 
arm rests to support their writing. The test was held during 
the last period of the day, and a time limit of 50 minutes was 
allowed for the test. At the end of this time there were six 
students who had not completed the test •. 
After the papers had been corrected, it was found that 18 
students had handed in their papers without completing them. 
I 
rl 6 
Some of these students had had to leave early for work before 
the time was up, while others simply found the test to be too 
much trouble to bother to complete. These 18 papers were 
corrected and scored, and it .was found that the results compare 
within a few per cent with the results of the completed papers, 
comparing the portions of the test which these 18 students did 
complete. Therefore, these 18 papers were discarded. Another 
nine papers were discarded because no record was available 
concerning their intelligence quotients. This left 159 com-
pleted papers, and the first part of the study was based upon 
tbi s number. 
A second administration of the author's test took place in 
the Torrington (Connecticut) High School where 179 senior 
students took the test in their homerooms during the first 
period of the school day. The method of presentation and the 
time limit were the same as for the first testing in Lebanon. 
Of the 179 test papers, 24 were rejected for being incomplete, 
leaving 155 papers on which the second group of comparisons 
were based. 
Inclusion of standardized test in this study. -- To the 
Torrington seniors, in addition to the author's test, the 
Stanford Achievement Test, Form D, Intermediate Arithmetic, was 
given the preceding day at the same hour. These results were 
analyzed and compared with the results obtained from the 
author's test. 
7 
Marking of the test. -- The test papers were corrected, 
and each. problem was marked right or wrong opposite the 
student's name on a master sheet. Each student was placed in 
an intelligence-quotient group, such as 91-100, and notations 
were made following his name, denoting his course and the kind 
of mathematics he had taken after the eighth grade. 
Correlation of tests. -- Using the split-half technique to 
determine the internal correlation of the author's test, the 
author found the coefficient of correlation to be~.81 in the 
Lebanon administration of the test. For the Torrington group, 
the coefficient was found to be +.76. In both computations 
the standard deviation of the coefficient of correlation was 
found to be ±.OJ; and the prob£ble error of the coefficient of 
correlation, ±.02. 
Also, in the Torrington tests, the coefficient of corre-
lation between the author's test and the Stanford test was 
computed to be +.78, with a standard deviation of ±.05, a 
probable error of ±.OJ. 
8 
CHAPTER II 
REVIEW OF RELATED STUDIES 
Summary of Previous Research 
Analysis of previous research dealing with arithmetic at 
the high-school level. -- During World War II, mathematics, 
particularly arithmetic, was on the receiving end of many verbal 
broadsides. The gist of most of these charges was that too 
many students were being graduated from our public high schools 
without adequate competency in arithmetic fundamentals. As 
~arly as November, 1941, a letter 1/ originating from the United 
States Bureau of Navigation over the signature of Admiral c. w. 
Nimitz, then Chief of Bureau, was directed towards the results 
of the Naval Officers' Training Corps examinations. The Navy 
had found that in a 1selective examination given to 4,200 enter-
ing freshmen at 27 of the leading universities and colleges 68 
per cent of the men were unable to pass the arithmetic reasonin~ 
test, and 62 per cent failed the whole test which included also 
arithmetic combinations, vocabulary, and spatial relations. 
During high school only 23 per cent of these students had taken 
more than li years of mathematics, and only 10 per cent had 
taken elementary trigonometry. 
jJ w. D. Reeve, "The Importance of Mathematics in the War 
Effort", Mathematics Teacher (February, 1942) 35: 88-89. 
II 
9 . 
Several committees were appointed by professional societies 
to investigate the mathematical needs in the armed forces, in 
war industries, and in everyday civilian life. These com-
mittees 1/ were sponsored by such organizations as the United 
States Office of Education, the Mathematical Association of 
America, and the American Mathematical Society. The most 
important of these committees was the one of the United States 
Office of Education which prepared reports on the essential 
mathematics for minimum Army needs, with the. aid of the Civilian 
Pre-Induction Training Branch, Industrial Personnel Division, 
Services of Supply, War Department; the Training Division, 
Bureau of Naval Personnel, Navy Department; the Federal-State 
Program of Vocational Training for War Production Workers con-
ducted cooperatively by State Boards for Vocational Education; 
and the United States Office of Education. 
1/ Committee of the United States Office of Education in 
cooperation with the President of the National Council of 
Teachers of Mathematics. See 11 Pre-Induction Courses in Mathe-
matics", Mathematics Teacher (March, 1943) 36: 114-124, and 
also "Essential Mathematics for Minimum Army Needs 11 , Mathe-
matics Teacher (October, 1943} 36: 243-282. 
Subcommittee on Education for Service of the War Preparednes 
Committee of the American Mathematical Society and the Mathe-
matical Association of America. See ''Progress Report of the 
Subcommittee on Education £or Service of the War Preparedness 
Committee of the American Mathematical Society and the Mathe- 1 
matical Association of America", Mathematics Teacher (November, I 
1941} 34: 297-304. 
Cooperative Committee on Science Teaching. See "High Schoo 
1 Science and Mathematics in Relation to the Man)ower Problem", 1 I School Science and Mathematics (February, 19~3 ~3: 126-156, 
I 
II j, 
10. 
A summary of the findings of the several committees on 
what mathematics should be taught in schools, and how it can be 
taught most effectively, was written by vVhyburn. 1/ He con-
cluded: 
All of these studies lead to one general conclusion: 
Namely, that the same basic arithmetic, algebra, geometry, 
and trigonometry is needed for boys and girls, whether 
destined for service with the armed forces, with the war 
industries, or on the home front. The most urgent need 
is for a thorough understanding of arithmetic and this 
means real skill in adding, subtracting, multiplying, and 
dividing whole numbers. It means ability to work with 
common and decimal fractions, percentages, ratios, square 
roots, and mensuration • 
•••• Schools (should} make no attempt to set up 
separate courses such as "Mathematics for Aviation Shop 
Workers", "Mathematics for Nurses", "Mathematics of Radio", 
"Mathematics for Navigation", and scores of other similar 
titles directed at specific applications of mathematics. 
Rather, •••• existing standard courses in arithmetic, 
algebra, geometry, and trigonometry [shoul4) be used for all 
students whose performance and aptitude indicate their 
ability to take them. These courses should place more 
emphasis on applications, and the applications should be 
chosen from a variety of fields. 
In an article dealing with arithmetic research and present 1 
day problems, Buswell £1 touched on this same topic. In part, 
he wrote: 
A second problem in the field of arithmetic •••• 
relates to terminal arithmetic. During the war there 
was much criticism of the mathematical abilities of young 
y w. M. Whyburn, "Mathematics for Production and War", 
Mathematics Teacher (November, 1943) 36: 291-295· 
y G. T. Buswell, "Outlook for Research in Arithmetic", 
Eiementary School Journal (January, 1947) 47: 243-253· 
Buswell's other problems include (1} ~bat to do in the primary 
grades; (2} Place of meaning as contrasted with formal skills 
in arithmetic; (3) How do people think mathematically; (4) How 
can we secure greater skill in computation. 
11. 
men in the Army and the Navy. Most o-r this criticism was 
directed at the failure of the school to do something at 
the upper-grade levels. What would be the possibilities 
of a really advanced arithmetic given at the high-school 
level? •••• Would it be important, in these advanced 
courses, to gain some greater understanding of arithmetic 
as a mathematical subject? •••• Furthermore, studies of 
arithmetical abilities of adults would throw additional 
light on the need for advanced study and on the kind of 
study which might be most profitable. 
Research into the problems of what should be taught in the 
public school has been attacllied from various angles. Some 
studies have been directed towards finding out the consumers' 
uses and needs of arithmetic. Others have been directed 
towards learning the wishes and needs of industry or science. 
Some studies have been conducted to discover the arithmetic 
abilities or disabilities of high school students, while others 
have tried to discover the best method to secure 100 per cent 
mastery in the fundamentals of arithmetic or the sequence of 
courses that guarantees the best understanding and mastery of 
arithmetic and related mathematics of algebra, geometry, and 
trigonometry. 
Notable research in consumers' uses and needs of arithme-
tic was accomplished by Bowden. 1/ Wben his findings were 
published 'g/ in 1929, a furor arose. 31 Many people eagerly 
y A. o. Bowden, ''Consumers' Uses of Arithmetic. 11 
Thesis, 1928, Columbia University. 
Doctor's 
2/ A. D. Bowden, ''Consumers' Arithmetic", Journal of Education 
Tseptember 16, 1929) 110: 185-186. ~~~~~~~~~ 
3l c. N. Shuster, ''Consumers' Uses of Arithmetic", Mathematics 
Teacher (March, 1930) 23: 180-184. · 
12 . 
accepted his findings, while some contested them. 
Bowden took typical problems from arithmetic test-books 
published within ten years o£ his study, and neatly arranged 
them on a questionnaire which he submitted to groups of adults, 
requesting them to indicate the degree to which they used these 
types of problems, excluding vocational uses. From the answers 
on the questionnaires, Bowden concluded that the arithmetic 
used by adults in buying, making change, general reading, and 
the like, was chiefly confined to the four fundamental oper-
ations with integers; and that, according to the type of 
problems currently being taught from arithmetic texts, 85 per 
cent too much arithmetic was being taught in the schools. ~bat 
Bowden actually accomplished by part of his study was the un-
covering of the inadequacies of many of the arithmetic textbooks 
of his day. 
During the 1930's, studies of a similar nature were con-
ducted in Indianapolis by Kettery, 1./ in Atlanta by Fanning, £1 
and in central Kansas by McClelland. J! Questionnaires were 
constructed by checking arithmetic textbook problems, analyzing 
probable activitie~ of the adults, and organizing the types of 
y Joe Kettery, "An analysis of the Mathematics Used by Adults.' 
Master's Thesis, 1935, Indiana University. 
2/ J. C. Fanning, "The Mathematics Used in Everyday Living by 
"6'11 Adult Citizens of Atlanta." Master's Thesis, 1938, 
University of Georgia. 
Jl H. H. McClelland, "A Survey of the Social Uses of Arithmetic •
1
" 
Master's Thesis, 1938, University of Kansas. 
problems in some order. These questionnaires were then dis-
tributed through school pupils to the parents to be answered. 
The parents were asked to check the type of arithmetic problems 
that they encountered in everyday life. Results of the three 
studies were essentially the same, and showed that adults use 
arithmetic problems dealing with whole numbers and the four 
fundamental operations, and some simple manipulations with 
fractions and decimals. 
II 
In Kettery's study it was revealed that integers, fractiom, 
and decimals were used occasionally by over one-half of the 
people surveyed. Also used by over half the people were 
finding percentages, changing percentages to fractions or 
decimals, finding the amount or percentage of gain or loss, and 
computing simple interest and commissions. Kettery found 
indications that most of the items beyond the simplest phases 
of arithmetic are not familiar to a large percentage of the 
people, that men use mathematics more than do women, and that 
much of the material that girls receive in mathematics courses 
has litt le functional value for them as adults. 
Fanning found that the arithmetic most used by adults 
dealt with buying groceries; reading books, newspapers, or 
magazines; clothing, life insurance, contributions, recreation, 
carfare, electricity, coal, dental work. Most of the people 
had a constant use for the four fundamental operations, and 
14. 
little or no use for any problems related to algebra. Fractiom 
and decimals were used constantly by nearly half the people, as 
were s~ple problems in percentage and problems in the finding 
of distance, areas, and volumes. 
McClelland found that there was very little arithmetic 
used often by adults in non-vocational situations, although he 
assumed the use of the four fundamental operations with integers 
and did not include these in the questionnaire. Simple 
fractions and decimals were used by a majority of the people; 
and bank statements, electric bills, simple percentage were 
used by more than half the people at some time. A majority of 
those answering the questionnaire felt that taxes, home owner-
ship, banking information, investments, insuranc.e, installment 
buying, and business ownership should be included in the 
arithmetic program. Four items used "often" by more than half 
of those replying were making change, checking lists of pur-
chases, table of long measure, and keeping simple cash records. 
Getting at some of the roots of the problem of what 
arithmetic is used, Dalrymple 1/made a survey of the fractions 
used in specialized industries such as hotels, department 
stores, and drug stores. He found that over 94 per cent or 
the 65,938 fractions he totaled contained denominators of 
y C. 0. Dalrymple, "Fractions of Business and Life." Doctor's 
Thesis, 1934, Boston University. . 
15. 
Fractions with denominators of 2, 3, 4, 6, 8, 12J 
and 16 made up over 98.9 per cent of the total. 
Ru.ssell 1J surveyed 68,000 persons working in 89 industries, 
representing 20 of the 23 occupational classifications as 
t established by the Fifteenth Report of the United States Bureau 
of Census, and tried to discover the amount of usage that 
decimals received by these workers. His findings showed that 
7•4 per cent of the workers figured in decimals, 4.6 per cent 
vead>decimals; and 88.2 per cent had no use for decimals in 
their work. 
All of these studies indicated that the fundamental 
operations with integers, simple fractions, and a small amount 
of decimals make up almost all of the arithmetic used by adults 
in their everyday lives. In 1919 the dean of studies dealing 
with the amount of arithmetic used by adults was made by 
Wilson.£/ His study was in the form of a questionnaire, and 
the parents of school children in the Middle West in grades 
six, seven, and eight listed the uses of arithmetic which they 
had had in a two-week period. In all, 14,583 problems were 
submitted by over 4,000 persons. Three-quarters of all the 
problems dealt with. integers and the four fundamental 
y G. B. Russell, "Decimal Usage in the Industrial World." 
Doctor's Thesis, 1943, Boston University. 
y G. M. Wilson, "A Survey of the Social and Business Usage of 
Arithmetic." Doctor's Thesis, 1919, Columbia University. 
16. 
:l o•perations in situations involving the buying of groceries, 
I reading ne-v;spapers, checking bills, and so on. By adcling 
i 
1 problems dealing with fractions to those dealing with integers 
alone, ~vilson found that 85 per cent of the problems "t-rere 
I accounted for. 
Wilson analyzed these findings further . Over 65 per cent 
of the fractions v-rere halves, and over 91 per cent had denomi-
li nators of 2,3, or 4. In problems dealing solely v-rith inte-
gers, most of the calculations involved numbers of not more 
than four integers. Since fewer than four problems vrere sub-
, mitted on the average by each p erson for a tw-o-;veek period, one 
may conclude that the adults actually used little arithmetic in 
·their everyday lives, or that they simply neglected to report 
all of the uses . 
On the vocational side of the problem of w·hat mathematics 
! should be taught in school, ther e have been both objective and 
1 opinionated answers . The training instructor for the Raytheon 
lvlanufa.cturing Company of Newton, Massachusetts, 1rrote an 
1 
article1/ in which he indicated that only simple arithmetic 1.-vas 
needed in highly specializeo. -vmr plants . He c1rew· conclusions I 
I 
II from his experience that there 
: for any algebra, ratio, square 
"tvas no use at the employee level i 
I 
I 
I 
I· 
I' 
I 
l 
II 
root, mensuration, logarithms, 
1/ C. Con..."Ll:lin, 11 The Arithmetic for i'Thich I Have -No Use ir.. a 
War Plant, 11 Ecluca.tion (April, 1945) 65: 491- 492. 
I 
I 
I 
II 
17. 
nor for any fractions . except the simplest, nor for any decimals 
except those used with money. Instead, he claimed that the 
simple fundamentals of arithmetic should be mastered thoroughly, 
and that any mathematics needed beyond the fundamentals by 
specialists should be taught on the job or in special courses 
before the job is taken over. 
Leonard,1fusing his experiences in preparing individuals 
with the mathematics needed in preparation for highly skilled 
trades, concluded that the individual needs to know how to 
round off decimals, to know something of required accuracy in 
data and significant figures in the results, and the required 
exactness through the computation. 
Woody £/attempted to get an index of the type of arithme-
tic needed by clerks in selling goods :and by consumers in buy-
ing goods through the method of analyzing bills of sale. He 
found that only simple fractions and decimals were necessary. 
Denominate numbers, as such, were not used, but units of 
measure such as dozen, yard, pound, and the like, were used in 
the buying and selling. 
A similar analysis of bills of sale was made by Charters,J/ 
1/ c. J. Leonard, "Mathematics in the Training of Industrial 
Workers", Mathematics Teacher (March, 194-1) 34-: 124--129. 
?} Clifford Woody, "Types of Arithmetic Used in Certain Types o1 
Salesmanship", Elementary School Journal (March, 1922) 
22: 505-.520. 
Jl w. W. Charters, "Department Store Arithmetic Study", 
Curriculum Construction. The Macmillan Company. New York, 1923! 
. p. 231-236. 
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and he concluded that only the most elementary addition and 
subtraction was necessary, a small amount of multiplication, 
and practically no division other than by fractions. Some-
times discounts such as 10, 15, and 20 per cent were used, 
bringing in decimals. Both of these studies served to show 
that the fundamentals were important, and that intricate ad-
vanoed arithmetic problems were of little use in adult life. 
The knowledge of just how well the average adult can per-
form the arithmetic processes would throw some light on how 
well the school has fulfilled its aim of giving'arithmetic 
mastery to all. In 1926 Washburne Ypublished a study in whicr 
standardized arithmetic tests were given to 331 people of civic 
. . 
organizations. Results found that the adults had a seventh-
grade ability in multiplication and division, but a greater 
speed and accuracy in addition and subtraction than eighth-
grade students. This study revealed that adults had used 
addition and subtraction more frequently than multiplication 
and division, and had actually increased their eighth-grade 
mastery of these first two fundamentals. 
Comparing clerical workers with commercial arithmetic 
students, Kinney Yi'ound that the clerical workers made scores 
1/ c. W. Washburne, "Social Practices in Arithmetic Funda-
mentals " , Elementary School Journal (September, 1926) 27: 6o-66 
y L. B. Kinney, "Mathematical Requirements of' Business", 
Journal of Business Education (March, 1932) 7: 13-14. 
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on an arithmetic test that were markedly higher than the com-
mercial students in addition and subtraction, slightly higher 
in multiplication, and about the same in division. The survey 
indicated that a majority of the 400 clerical workers inter-
viewed and tested were required to use addition, subtraction, 
and mult iplication with whole numbers, while about one-third of 
them used division. Kinney concluded that high-school studen1E 
should be brought to a higher level of skill in the fundamental 
operations. 
Bringing the business and social uses of mathematics more 
up-to-date, Maybee 1/in 1939 made an excellent study of pupils' 
need for mathematics upon leaving high school. He prepared a 
questionnaire for the parents of students in junior-high-school 
mathematics classes. The questionnaire was concerned with the 
use (whether frequently, occasionally, sometimes, or never) of 
two-, three-, four-, five-place whole numbers; three-, four-, 
five-place numbers in money; numbers with three and four 
decimal places, fractions, percentage, interest, denominate 
numbers , bank discount, investments, taxes, insurance. Maybee 
concluded from the returns (as condensed by the writer) that: 
a) Adults made considerable use of the simpler types o£ 
addition, subtraction, and multiplication, and only 
the simplest type of division problems. 
y G. D. Maybee, nA Survey of the Business and Social Uses of 
Mathematics." Master's Thesis, 1939, University of Michigan. 
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b) Professional men use mathematics most frequently and 
in the greatest variety of types of problems. Men 
in clerical occupations rank second in their frequeroy 
of use of mathematics. 
c) Men in manufacturing and mechanical industries, in 
domestic and personal service use mathematics the 
least, especially in the variety of problems. 
d) Employed women use mathematics more than do house-
wives. 
e) Men make more frequent use of mathematics than do 
women. 
f) Adults in general have little use for mathematics in 
problems which involve interest, percentage, bank 
discount, taxes, investments, and insurance. 
The recommendations that Maybee makes from his findings 
are particularly illuminating. He proposes: 
a) Greater emphasis in the .teaching of mathematics 
should be placed on the simple operations employed 
in the four fundamentals (addition, subtraction, 
multiplication, division) with a v~ew towards their 
usefulness in solving ordinary problems of everyday 
life. These problems may be the paying of bills, 
sales tax, operating expense for an automobile, 
simple measurement for household use, payment of 
wages and time measurement, fractions involved in 
cooking. 
b) In the junior high school less time and energy should 
be spent on the details and involved problems of bank 
discount, taxes, investments, and insurance. The 
pupils should be given a mathematical knowledge of 
simple interest on small sums of money, the use of 
local tax rate and cost or taxes on small homes, 
value and cost of different types of insurance. 
These topics should be presented with a minor emphasi~ 
on the mathematics involved. 
c) During the senior year there should be offered a 
mathematics course which would review the funda-
mentals of mathematics, and place new emphasis upon 
their applications and use in everyday li~e. Such 
a course would include topics recommended about; and 
also a study of the cost in installment buying as 
applied to the purchase of cars, household articles 
and clothing; methods of financing a home, whether 
buying or building; the need for insurance and 
provision for old age; the cost of running a home 
at different economic levels, and the use of budgets; 
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a study of the values in buying, such as the price 
of different sizes of cans of food. 
Moorhead 11and Parker ~followed by Maybee's study with 
si~ilar ones, using Maybee's questionnaire. Moorhead, on the 
basis of her returns, recommended (as condensed by the writer): 
a) More emphasis on skill in addition, subtraction, 
multiplication, and division of small numbers. 
b) More stress on working simple problems mentally, 
through short-cuts in the four fundamentals. Find-
ing approximate answers to more difficult problems 
should be stressed. 
c) Less emphasis should be placed upon solving greatly 
involved problems of bank discount, interest, in-
surance, taxes, investments, true rate of interest 
in installment buying, and budgeting. Rather, 
attitudes should be created by pointing out the 
advantages and disadvantages of each, enabling the 
pupils to make wiser choices in . life. 
Parker's recommendations (as condensed by the writer) : 
after seeing the results of his returns, 1.vere: 
a) Since the ability to use two- and three-place numbers 
is more important than using large numbers, decimals 
or fractions, more emphasis should be placed upon the 
use of the simpler forms, especially in problems 
involving money. 
b) Linear measure, time measure, and avoirdupois weight 
are more important than other denominate numbers, 
and should be emphasized in a proportionate degree. 
c) Percentage of the simplest kind should be taught, but 
less time should be given to other types of percent-
age. 
d) The number of problems and exercises on bank discoun~ 
investments, compound interest, insurance, and ratio 
should be greatly reduced. Instead, the emphasis 
should be placed upon the understanding of the 
y Elizabeth Moorhead, "A Survey of the Business and Social 
Uses of Mathematics." Master's Thesis, 1940, University of 
Michigan. 
~ Richard Parker, "A Survey of the Social and Business Uses of 
Mathematics." Master's Thesis, 1940, University of Michigan. 
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applications or these types of mathematics in every-
day life. · 
e) There should be a course in general mathematics 
established on the high school level in the twelfth 
year. The purpose of this course would be to review
11 the operations in arithmetic which the adults use I 
most frequently, and to fix the skills and knowledges 
most frequently used in adult life. 
Plummer lfmade a noteworthy study in comparing the per-
centage of space in junior-high-school texts devoted to the 
various processes of mathematics with the stress that 45 
businessmen in Columbus, Ohio, put upon these processes. 
Plummer found that these businessmen considered a thorough 
knowledge of the fundamental operations of arithmetic as being 
most important, with decimals and fractions, bills, checks, 
American money, percentage, discount, commission, and interest 
also important in a junior-high-school mathematics program. 
He then examined 12 three-book series of junior-high-
school mathematics texts which were currently being used in 
junior high school around 1930. He found that 59 per cent or 
the space in these textbooks was devoted to algebra and geome-
try, while about 4 per cent of the space was devoted to the 
four fundamental operations of arithmetic. Conclusions drawn 
from the study were that algebra and geometry were overweighted 
in junior-high-school texts, while not enough material was con-
tained which could be use~ by the pupil after he had lGft schoo • 
y T. H. Plummer, ''A Critical Study of the Mathematical Abili-
ties Desired by Business Executives~" Master's Thesis, 1931, 
University of Ohio. 
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Research accomplished delving into the various aspects or I 
student ability in arithmetic fundamentals. -- The problem of 
finding the effects of continued practice in arithmetic at the 
junior-~igh-school level was attacked in a unique way by 
Guiler.Y He conducted an experiment with four types of 
mathematics classes among 836 ninth-grade pupils over an 18-
week period. Classes in algebra, junior business training, 
and applied mathematics were conducted as usual according to 
the custom of the school. A fourth type of class was insti-
tuted in which algebra was taught primarily, but with part of 
the class time devoted to arithmetic learning and practice. 
Students were tested before and after the 18-week period by 
means of a survey test in computational arithmetic. It was 
II 
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I 
I 
I 
found that the regular algebra and business-training classes 
improved four per cent in computational arithmetic. The 1 
students in the applied-mathematics class improved 14 per cent. l 
The students who had been subjected to a combined algebra and I 
arithmetic program improved 53 per cent over the 18-week pericxi ll 
Then the algebra group was compared with tbe algebra-
arithmetic group by means of an algebra survey test. Both 
y w. s. Guiler and H. B. Hoffman, "Dividing Mathematics Time 
Between Arithmetic and Algebra", School Review (October, 1943) 
51: 471-47.5· 
W. S. Guiler, "Ef:f'ects of Different Types of Mathematics 
Courses on Computational Ability", Educational Administration 
and Supervision (November, 1943> 29: 449-456. 
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groups were found to be equal in algebra achievement. Con-
elusions made as the result of this experiment were that there 
is a widespread lack of competency in computational arithmetic, 
as evidenced by the scores made on the computational tests, and 
that it would be advisable to give some practice and remedial 
work in arithmetic as a part of the ninth-grade algebra program. 
On this same side of the fence there have been numerous 
studies made which deal with the students' abilities in arithme· 
tic. A few of these are described below. 
Mohr 1ftested junior-college students with eighth-grade 
students on an arithmetic achievement test. He attempted to 
equate the two groups according to intelli~ence quotients and 
a chronological difference of 4t years, and compared the test 
results of the equated groups. He found that the junior-
college students had an advantage in the ability to divide 
integers and subtract decimals, while the eighth-grade students 
were superior in the subtraction and division of fractions. 
Otherwise, the two groups were about even in their arithmetical 
ability .. Mohr concluded that four years of instruction in 
high school, including more than two years of mathematics and 
one year o£ science, on the average, and an additional 4! years 
of maturity had been able only to offset the loss in the 
§={ J. P. Mohr, "Arithmetic Disabilities of Junior, College 
tudents 11 , American Association of Collegiate Registers Journal 
(April, 1943) 18: 274-280. 
-arithmetic processes due to disuse and forgetting during the 
high-school years. 
Ritland 11constructed a test of 74 items that high-school 
graduates would be most likely to meet, and had this test given 
to 2231 seniors in 50 Iowa high schools. He found that high-
school graduates, in general, were inadequately prepared for 
mathematical situations they would meet in everyday life. Boys 
did better than girls, although there was little difference if 
both had the same amount of instruction. Ninth-grade algebra 
alone, or algebra supplemented by plana geomstry, did very 
little to increase the ability of pupils to think quantitatively: 
but the study of advanced courses in mathematics had a favor-
able effect on the students' ability to meet mathematical 
situations successfully. However, there was a large number of 
seniors who had taken the advanced courses of solid geometry, 
trigonometry, and advanced algebra who failed to show much 
ability in meeting these mathematical situations given on the 
test. In general, seniors planning to attend college perform-
ed slightly better than those not going to college, but the 
two groups were not equated according to intelligence. While 
the performance of different schools varied greatly, Ritland 
found that the size of the high school had no particular effect 
1/ H. L. Ritland, "A Survey of the rvlathematical Abilities of 
Iowa High School Seniors." Part I, Master's Thesis, 1940, 
University of Iowa. 
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upon the pupils' performance on the test. A study of the 
arithmetic abilities of commercial trade school students in 
Louisiana was made by Sandoz.l/ On the Schorling-Clark-Potter 
Arithmetic Test, Form B. (Revised), 90 commercial students, who 
had been graduated from high school several years previously, 
achieved a mean of ~9, while the mean for high-school graduat-
ing students was 67. The older trade-school students did as 
well on subtraction and multiplication, but fell down on 
addition, division, fractions, decimals, and percentage, in 
relation to the high-school graduating students. Here again 
is an indication that any learning fades with disuse. 
In the ~est Virginia University High School, Bryan Sf 
investigated arithmetic accuracy during the lOth, 11th, and 
12th grades by administering three arithmetic achievement tests 
in the three grades to 25 students from the class of 1940 and 
33 students from the class of 1941. Bryan found that any 
changes in arithmetic accuracy were relatively small during the 
high-school period. He noted, in addition to this, that 
pupils who take more mathematics in high school tend to show a 
higher degree of arithmetic accuracy; that boys tend to be J 
more cautious and accurate than girls; that a reasonable amoun1 
1/ Delores Sandoz, 11A Study of the Arithmetic Abilities of 
Trade School Students, 1942-43·" Master's Thesis, 1943, 
Louisiana State University. 
y J. N. Bryan, nA Study of Arithmetic Aceuraclt in the West 
Virginia University Demonstration High School. 1 Master's 
Thesis, 19~2, West Virginia University. 
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of accuracy is present in simple number combinations, but that 
the accuracy breaks down in the more complex processes; and 
that addition is the process performed best while division 
shows the poorest comprehension. 
Smith 11compared two 9th-grade groups, one which took 
algebra and one which took general mathematics. By testing 
the groups before and after a semester of 9th-grade mathematics, 
he concluded that no marked improvement in arithmetic was 
evident at that level. However, he noted that the general-
mathematics class improved slightly more than the algebra class 
although the mean score of the general.mathematics group was 
lower than that of the algebra group to begin with, equating 
both groups according to intelligence quotients. 
Mitchell Yset out to show the fundamental arithmetic 
abilities of 507 seniors in 12 Detroit high schools, comparing 
those seniors who had taken commercial arithmetic with those 
who had not. A test of 100 problems in simple arithmetic was 
prepared on the fundamentals of simple fractions, decimals, and 
whole numbers, with a few problems in simple interest discount 
l/ o. D. Smith, "Secondary Mathematics Influence on Arithmetic 
Ability and the Latter's Correlation with Science Achievement. 11 
Master's Thesis, 1939, Stanford University. 
y Ivan Mitchell, nA Comparative Study of High School Seniors 
in Arithmetic Ability, Based Upon Curriculum, Intelligence, and 
Sex." Master's Thesis, 1939, University of Detroit. 
Ivan Mitchell and C. L. Nemzek, "Arithmetic for High School 
Seniors; a Summary of a Master's Thesis, Journal of Business 
Education (January, 1940} 15: 19. 
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percentage, and practical measurements. About one-fourth of 
the problems could be solved mentally. 
The commercial students had taken commercial arithmetic 
and bookkeeping in grade 10, and some took bookkeeping in grade 
11. The average practical-arts students had taken two se-
mesters of general or shop mathematics, chiefly algebra, in 
grade 10. The college-preparatory students had taken three 
semesters of algebra, two of plane geometry, while some had 
taken solid geometry and trigonometry in addition. All 
students had .had the same mathematics courses during the first 
nine grades. 
Mitchell found, when he compared 70 commercial students 
with 70 general and college-preparatory students equated in 
intelligence, that both groups achieved an average of 49 on 
the test. 1/Vhen 64 boys were paired with a like number of 
girls, the boys had an average score of 55 as against the girls 
score o:E' 45, a difference that was significant. Curriculum 
group differences on the test were not statistically signifi-
cant, although college and general boys did slightly better 
than the general and college girls. Mitchell concluded from 
his study that high-school seniors in the commercial curriculum 
did not benefit from their high-school arithmetic. 
With a slightly different emphasis, Rahn 1/gave a test on 
1/ Grant Rabn, "A Redirected Emphasis on Individualized Mathe-
matics for All 11 , School Review (May, 1943) 51: 279-282. 
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fundamental operations involving whole numbers, fractions, 
decimals, percentage, and applications of percentage to the 
students in his high school at Shorewood, Wisconsin. He 
found that the upper half of the student group, which had taken 
a course in consumer mathematics, did about as well as those 
who had taken elementary algebra and plane geometry, although 
the groups were not equated according to intelligence. Rahn 
found, however, that many of the pupils who got by in algebra 
and geometry were incompetent in everyday mathematics, and 
that a student will gain about as much ability in handling 
everyday mathematics if he takes a course in consumer mathe-
matics as he will if he takes algebra and plane geometry. The 
ending of Rahn's article is particularly significant. He 
states: 
Present thinking would seem to indicate that the 
time is not far distant when a requirement for high school 
graduation will be a competence in mathematics in terms of 
the individual's ability and his probably future needs in 
the handling of mathematical processes. 
Analyzing students' abilities as they enter high school, 
. 1/ Buckley ~gave the Wilson Inventory and Diagnostic Test in 
Arithme t ic to 550 students in the lOth, 11th, and 12th grades. 
He divided the students into four curricula:, · " and found that 
1/ F. s .. Buckley, "VVhat Need Is There for a Corrective Arithme-
tic Program for Pupils in the Four Courses of a Senior High I 
School, and Wbat Progress Is It Possible to Achieve Through 1 
Group Instruction in a Limited Time?" Master's Thesis, 1940, ) 
Boston University. 
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98 per cent of the senior students in each of four courses 
needed some corrective work in multiplication. In the 
addition process about 72 per cent of the commercial students 
needed corrective work, and 90 per cent of the students in the 
Gl/ 
other three curricul~ needed corrective work. This meant 
that few students could perform the chi.ldish addition, and 
multiplication examples perfectly on the standardized test. 
Buckley found in his study that pupils at the senior-high-
school level were not ready, or property equipped, to carry on 
the required work of their advanced grade successfully. Yet 
in this particular school system, at the lower-grade levels, 
the work in the fundamentals of arithmetic had been 11 of the 
highest order 11 • Buckley then held experimental classes, and, 
by the results of improvement that he obtained, claimed to 
have proved that this lack of preparedness at the senior-high-
school level can be eliminated by skillful drill and review. 
Evaluation of Research 
Mathematics needed for life. - Various studies have been 
made which seem to indicate t hat the _simplest elements of 
mathematics, principally arithmetic, are the only forms of 
mathematics in which a sound mastery is actually needed by 
everyone in our present-day civilization. These simple 
fundamentals should be mastered completely so that the ability 
~o compute accurately and to apply the computations to life 
31. 
situations becomes 11 second-naturen. Any mathematics in high 
school beyond the fundamentals should be elected by the student 
either as an informational or an appreciational course, or as 
a prerequisite for more advanced mathematics and science 
courses. 
It is to be noted, however, that while mastery of the 
arithmetic fundamentals may have been complete at the sixth-
or eighth-grade level, this mastery tends to disappear through 
disuse and forgetting. The method for recovering and main-
taining mastery is through remedial work and frequent appli-
cations and use. One way to introduce remedial work is 
through the traditional curriculUl;ll, such as the algebra classes 
Another way to introduce this remedial work is through consumer 
mathematics of high-school arithmetic courses. Remedial 
classes, as such, may be necessary for extreme cases. Constant 
use of the fundamental arithmetic processes after mastery is 
the only way to guarantee continued mastery in high-school and 
post-high-school life, and the purpose of this study is to 
determine which type of high-school senior has maintained 
mastery of the fundamental processes to a greater extent. 
Since this chapter began with the implication that at the 
beginning of World War II the Armed Services were not entirely 
satisfied with the mathematical backgrounds of their members, 
it might be interesting to see what happened, perhaps quite by 
accident, in the area of mathematics during the war. 
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Colonel W. E. Sewell, Chief, Education Branch, Information 
and Education Division, War Department, reported .1/the follow- I 
ing facts with regard to mathematics in the Army Education 
Program. This program was one of voluntary participation, and 
about 10 per cent of the Army personnel participated in the 
program which was kno\vn popularly as the United States Armed 
Forces Institute (USAFI). The Institute was in reality a 
' large correspondence school, a testing agency, and a supply 
depot operated jointly by the War and Navy Departments. Over 
400 courses were off'ered by USAFI, and of' the 20 most popular 
books seven were mathematics (high-school texts) and four were 
bookkeeping and accounting. 
Of the 20 most popular high-school correspondence courses, 
five were mathematics. The three most popular courses of the 
20 were Beginning Algebra, Review Arithmetic, and Bookkeeping, 
in that order. Twenty per cent of all those enrolled in high-
school correspondence course took mathematics, and another 15 
per cent took bookkeeping, so that mathematics and bookkeeping 
ran one-two in popularity. Of those studying mathematics, 
six per cent took arithmetic, five per cent algebra, and four 
per cent plane geometry. 
Even in the college correspondence· courses mathematics 
was most popular with 24 per cent, and accounting was second 
y w. E. Sewell, "Mathematics in the Armif Education Program", 
American Mathematical Monthly (April, 1947) 54: 195-200. 
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with 12 per cent. The three most popular college corre-
spondence courses were College Algebra and Trigonometry, 
Introduction to Accounting, and English Composition. 
Many of the men enrolled in the USAFI program after hos-
tilities were nearing an end, and when they were looking for-
ward to getting out of the Army or Navy and going back to 
school or to work. They were interested in what was valuable 
for their future, rather than in what credits they needed to 
get a diploma. Colonel Sewell asserts, 11Many thousands of 
GI's who, as high school students, were allowed to skip over 
mathematics without learning it, registered for arithmetic, 
algebra, and geometry courses in the Army.n 
From the results of the Army Education Program one may 
safely predict that the war from 1941-1945 marked a turning 
point in the field of high-school mathematics. An era in 
which mathematics and science predominate is certainly at hand. 
Factors influencing method of investigation. - From the 
results of previous objective research, it is apparent that the 
fundamental operations with whole numbers form almost all the 
mathematical situations that the average individual must face. 
It also becomes apparent as one delves into studies and surveys 
of the arithmetic and mathematical abilities of students that 
many students have a low level of competency in arithmetic 
fundamentals. 
With these two ideas in mind, the writer formed a test 
composed entirely of integers dealing in the four fundamental 
I processes of addition, subtraction, multiplication, and di-
vision. Some decimals were included in the processes since 
much of the everyday figuring done by individuals deals with 
money. This ~est was given to two groups of high-school 
seniors, and students were compared according to their types 
of curricula, number of matb.ematics courses elected after the 
eighth grade, and intelligence quotients. 
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CH..>\PTER III 
RESULTS OF TESTING 
Presentation of Data in tha Lebanon Testing 
qomparisons of the various groups of students. -- Scores 
on the author's test were directly proportional to the in-
telligence quotients of the students. Students with in-
telligence quotients under 81 averaged 48 per cent of the 
problems computed correctly. Students with intelligence 
quotients over 120 averaged 85 per cent correct answers on the 
test, as can be noted in Table 2. 
Scores on the test were directly proportional to the 
number of years of mathematics the students had had after the 
eighth grade. Those students with one year of mathematics 
after eighth grade averaged 45 per cent of the problems cor-
rectly computed. Students who took more than four mathematics 
courses during their last four years of school averaged 94 per 
cent on the test. It is to be noted in Table 3 that the 
range of scores of students grouped according to the number 
of years of mathematics elected after the eighth grade is 
greater than the range or scores between groups of students 
arranged according to intelligence-quotient differences 
(Table 2}. 
According to the type of curricul11lm, students in the 
general curriculum did most poorly, students in the college-
36. 
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Table 2o Average Percentage Scores According to Intelligence-
Quotient Ranges o~ Students 
4,verage Percentage Score Average Intelligence- Nm;nber ' Total 
Quotient o:r Add- Subtrac- Multipli- Div- Per Cent 
Range Cases ition tion cation isicn Score 
69-80 7 69 67 50 7 48 
81-90 ~j 72 78 56 22 l7 91-100 78 84 65 33 1R 101-110 81 87 72 58 111-120 20 85 90 70 77 81 
121-135 7 89 96 79 79 85 
Table 3· Average Percentage Scores According to the Number o~ 
Years o:f Mathematics Students Elec t ed A:fter the 
Eighth Grade 
Years o:f 
Mathematics Number Average Percentage Scores Average 
Elected o:f Total 
. .. 
A~ter Cases Add- Subtrac- Multipli- Div- Per Cent 
Eighth Grade ition tion cation is ion Score 
1 ~ 70 62 ~~ 5 ~~ 2 72 . 77 21 t ~ 80 89 69 ~6 72 80 87 73 74 10 94 99 88 93 94 
Table 4· Average Percentage Scores According to Types o:f 
Curricula o~ Students 
Average Percentage Scores Average 
Type Number Total 
0~ o:f Add- Subtrac- Multipli- Div- PerCe:n.t 
Curriculum Cases ition tion cation is ion Score 
General 78 73 77 56 21 57 
Vocational 28 81 85 72 ~9 72 Commercial 20 84 96 72 8~ 79 College- 33 84 92 77 83 
Preparatory 
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preparatory curriculum did best. Tables 4 and 5 show these 
group comparisons. As seen in Tabla 5, the differences 
between scores attained by the general-curriculum students and 
i -
those of the other three curricula were statistically signifi-
cant, using a critical ratio of three as the criterion. The 
vocational and college-preparatory comparison of the entire 
I 
test had a critical ratio of 3.0 which gives a significant 
difference in scores. 
Table 5. Statistical Differences of Scores on Aut~or's Test 
According to Types. of Curricula of the Students. 
rrype Number Mean Critical Ratio 
of of and Vocational Commercial College 
Curriculum Cases tr i Pre_para tory 
General 78 22.92 4·'+ 5-4 7 .2. 
7.35 
Vocational 28 28.63 ' 3.0 
I 5 ·~, 8 
Commerci al 20 31.65 
-
1.0 
6.11 
College- 33 33·~6 
Preparatory 5. 2 
Table 5a. Statistical Di~ferences of Scores on Author's Test 
According to Types of Curricula, Excluding Division 
Problems. 
Type · Number Mean Critical Ratio 
o:r o:f' and Vocational Commercial College 
Curriculum Cases &"' Pre_Qara tory 
General 78 20.73 3.8 4·1 .5.0 
_5.02 
1.6 Vocational 28 23.86 
J.07 
Commercial 20 25.14 0.1 
3·9 
College- 33 2f·30 
Preparatory u..o.5 
______...-
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Comparing students in the same intelligence-quotient range, 
it can be noted in Table 6 that students in the general curric-
ulum did more poorly than did those s t udents in other currie-
ulum groups. Thes e are approximately the same results as 
shovnt in Table 5 where intelligence quotients were not taken 
into consideration. Statistically, on the test scores of 
students in the 91-100 intelligence-quotient group, there was 
a difference between general students and the students in the 
Table 6. Statistical Differences of Scores on Author's Test 
According to Intelligence-Quotient Ranges and Types 
of Curricula of Students 
Intelli-
gence Type Number , Me an Critical Ratio 
Quotient of of and Voca- . IGonnner- College-
Range Curriculum Cases 0 tional cial Preparatory 
81-90 General 28 ·22·.18 1.1, 
7.05 
Vocational 6 24.~I j.6 
91-100 General 24- 22.25 3·5 5·4 
5·63 Vocational 9 29. 7 
4.78 
Commercial 10 31.20 
3-34 
101-110 General 13 23·?4- 2.2 2.b 3.b 8.63 
Vocational 10 30.60 1.3 
5.82 
Commercial 7 32.57 1.1 5.88 
College- 13 33-46 
Preparatory 5-31 
111-120 General 5 2t3.eo 1.5 
4.66 
College- 12 3~·25 
Preparatory .30 
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Table 6a. Statistical Differences of Scores on Author's Test 
According to Intelligence-Quotient Ranges and Types 
of Curricula of Students, Excluding Division PrOblems 
Intelli-
gence Type Number Mean Critical Ratio 
Quotient of of and Voca- Commer- College-
Range Curriculum Cases o- tional cial Preparator ~ 
81-90 General 28 20.18 1.1 
6 
5.33 
Vocational 21.83 
2.55 
91-100 General 24 21.08 2.4 3·7 
LJ..52 
Vocational 9 24.11 
2.42 
Commercial 10 25.50 
2.25 
101-110 General 13 20.69 ; 2.0 2.2 2.b 
6.02 
Vocational 10 24.80 , 0.7 
3·49 1 
Commercial 7 25.57 0.2 
2.97 ·. 
College- 13 25.85 ' 
Preparatory 3.57 
111-120 General 5 2~.20 ' 0.7 
.12 ! 
College- 12 2Lj_. 75 
Preparatory 3·77 
' 
vocational and commercial curricula that was significant. 
Also, in the 101-110 group, a significant difference in test 
scores occurred between the general-curriculum students and 
college-preparatory students. 
In Table 6a the scores of students were compared without 
including the division problems. This was done since over one 
fourth of the students in the Lebanon study could complete none 
of the division examples. Many of these students lacking the 
ability to perform division operations were in the ganeral 
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curriculum. Excluding division, the differences between score~ 
of groups of students were smaller and of less significance. 
When the curriculum groups were compared on the basis of 
equal number of years of mathematics (in Table 7), by the 
Table 7. Statistical Differences on Author's Test According to 
the Number of Years of Mathematics Elected After the 
Eighth Grade and the Types of Curricula of the stude~ 
Years of Critical Ratio Iv1a thema t- Type Number Mean 
ics Elected of of and Voca- Conmier- College 
After Curriculum Cases cr tional cial Pre par-Eighth a tory 
Grade 
3 to 4+ General 36 2l·75 
.22 
o.B 2.0 3·9 
Vocational 28 28.63 3.0 5. 8 
o.6 Connnercial 13 32~08 
6.~8 College- 33 33· 6 
Preparatory 5. 2 
Table 7a. Setting Forth Data Similar to Table 7, .Except Exclud-
ing Division Proplems 
Years of Critical Ratio 
Iviathemat- T·ype Number Mean 
ies Elected of of and Voca~ Connner- College 
After Curriculum Cases cr tional cial Prepara-Eighth tory 
Grade 
3 to 4+ General 36 2~.14 0 .. 6 1.5 1.8 
·11 
Vocational 28 23.86 1.3 
3-07 
Connnercial 13 25.23 o.o 
4.28 
College- 33 2~-30 
Preparatory .05 
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critical ratio formula, significant differences appeared only 
in the general-college-preparatory and vocational-college-
preparatory comparisons. However, the usual relationship was 
present, with general-curriculmn students lowest, vocational 
., i 
students next lowest, commercial students next, and college-
, __ 
preparatory students best of all in score comparisons. 
Excluding the division problems, one finds that little 
difference exists between students in different curricula with 
the same number of years of mathematics, as seen in Table 7a. 
In the comparisons in Table 8, comparing groups of 
students with the same number of years of mathematics and in 
the same intelligence-quotient range, one finds that general-
curriculum students again did poorest. Vocational students 
did slightly better. Commercial students scored higher than 
either the general or vocational students. College-prepara-
tory students averaged scores which were the highest of all. 
Inwery case except one, the means scored by general-curriculum 
students were less than those scored by vocational students; 
the means of vocational students were less than the means of 
the commercial students; the means of the commercial students 
were less than the means of the college-preparatory group. 
This one exception occurred in the comparison between the 
commercial and college groups who had 3 to 4+ years of mathe-
matics after the eighth grade and were in the intelligence-
quotient range of 91-110, and occurred only when division 
42. 
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problems were not included in the scoring. 
A difference that was significant between groups occurred 
only once--when general-curriculum students were compared with 
commercial-curriculum students in the 91-110 intelligence-
quotient range and with two years of mathematics elected after 
the eighth grade. A critical ration of 3·4 was obtained in 
this instance. 
Summary of group comparisons in the Lebanon testing -
The findings from this test given to Lebanon students are as 
follows: 
Table 8. Statistical Differences of Students' Scores on 
Author's Test According to the Number of Years of 
Mathematics Elected After the Eighth Grade, the Intel-
ligence-Quotient Ranges, and the Types of Curricula 
-Years of Intel- Type Num- Mean 
·Critical Ratio Mathemat- ligence of ber and 
-
ics At'ter ~otient Curriculum of a-- Voca- Commer- Cbllege Eighth Range <ares tional cial Pre par-
Grade atorv 
2 91-110 General 16 21.~8 3·4 
4· 1 
Commercial 6 29.50 4..72 
3 to 4+ 91-1.10 General 13 2b.31 1.5 2.b 2.4 
7.82 
Vocational 19 30.16 1.4 
5-37 Commercial 11 33.00 
4-04. 
o.o 
College- 15 33.00 
Preparatory 5.80 
3 to 4+ 111-135 General b 3l~~f 0.9 ' 5. 1 
College- v 17 34.06 
Preparatory _5.82 
I 
Table 8a. Setting Forth Data Similar to Table 8, Except Exclud-
ing Division Problems 
Years of Intel- Type Num- Mean Critical Ratio Mathemat- ligence of ber and 
ics Arter Quotient Curriculum of (.J Voca- Connner- College Eighth Range Cases tiona! cial Pre par-
Grade a tory 
2 91-110 General 16 20.56 2.3 
6 ~-84 Commercial 2 ,- 50 
~.20 
3 to 4+ 91-110 General 13 22.?4 1.7 l.b 1.9 
~-21 Vocational 19 2 -42 0.7 
Commercial 11 b.Ol 2 .09 0.6 
1.93 
College- 15 2t·33 Preparator] .39 
3 to 4-+ 111-13.5 General b 25.00 0.2 
3.22 
College- 17 25.29 
Preparator'3 3.89 
1. Scores were directly proportional to the intelligence 
quotients of the students. (Table 2) 
2. Scores were directly proportional to the number of 
years of mathematics that the students elected after the 
eighth grade. (Table 3) 
3. There was a greater range of scores between groups of 
students having taken an unequal number of years of mathematics 
af:ter eighth grade than between students in differing intel-
ligence-quotient-range groups. (Tables 2 and 3} 
4· In comparing students according to curricula, it was 
found that college-preparatory students did best, commercial 
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students did next best, vocational students scored third best, 
and general students scored poorest. (Table 4 and 5) 
5. The difference between scores of general-curriculum 
students and scores of the students in each of the three 
curricula was statistically significant. (Table 5) 
6. ~v\lhen groups with the same number of years of mathe-
matics elected after eighth grade, or groups in similar intel-
ligence-quotient ranges, were compared, it was found that 
commercial-curriculum students did about as well as college-
preparatory students. Vocational-curriculum students did 
poorer : on·:· the - test1 and general;,.curriculum students did poorest 
of all. (Table 6 and 7) 
7• If the thirty problems of addition, subtraction, and 
multiplication were scored separately from the division prob-
lems, there was round to be less of a difference between the 
scores or the various groups of students. (Tables 5 and 5a, 
6 and 6a, 7 and 7a, and 8 and 8a) 
8. When equal intelligence-quotient groups with similar 
numbers of years of mathematics in high school were compared, 
it was also found that general-curriculum students did more 
poorly than did students in the other three curricula. How-
ever, the difference between the scores of general students 
with students in other curricula vdth comparable intelligence 
and years of mathematics was significant only in the comparison 
between general- and commercial-curriculum students with two 
years of mathematics after the eighth grade, in the intel-
ligence-quotient range of 91-110. Commercial students and 
college-preparatory students averaged scores which were nearly 
equal when both groups had about the same intelligence and 
number of courses in mathematics. 
Presentation of Data in 'the Torrington Testing 
Comparisons of the various groups of students. --
In the following tables students are compared according to 
intelligence quotients, the type of curriculum elected, and 
the number of mathematics courses taken after eighth grade, 
using their scores on both the author's test and the standard-
ized Stanford Achievement Test to make the comparisons. 
In Tables 9, 10, and 11 scores are averaged first 
according to intelligence-quotient groups, then according to 
the number of years of mathematics taken after the eighth 
grade, and according to elected high-school curricula. It 
can be seen that average scores had a greater variation when 
compared according to the number of years of mathematics 
that the students had taken, than when comparisons were made 
according to intelligence-quotient ranges or types of 
curricula elected. 
Table 11 is reproduced in the more acceptable statistical 
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Table 9· Average Percentage Scores of Author's Test and Avera~ ! 
Test According to Intelligence- I Scores of Stanford 
Quotient Ranges of Students 
Intel- Num- Average Percentage Score Average Stan-
ligeree- ber Total ford 
Qlotient of Addi- Subtrac- Multipli- Div- PerCent Test 
Range Cases tion tion cation is ian Score Score 
ta-~o g ~b ; b.l ~ bt) ~% 91-100 78 77 
101-110 88 90 81 70 82 72 
111-120 26 90 ~i b~ 73 84 +~ 121-~,~ 8 84 88 83 131-1 0 1 100 100 100 100 100 85 
Table 10. Average Percentage Scores of Author's Test and 
Average Scores of Stanford Test According to the 
Number of Years of Mathematics Students Elected 
After the Eighth Grade 
Years of Num- Average Percentage Score Average Stan-Ma.themat- ber Total ford 
ics Elected of Addi- Subtrac- Multipli- Div- PerCent Test 
After Cases tion tion cation isim Score Score 
Eighth 
Grade 
0 3 +~ ~~ Z§ 10 .$8 ~9 1 8 ~g 07 6§ 2 10 83 83 73 71 
t 80 87 92 73 3 80 71 4+ 91 ~tt 79 ~~ 85 +6 96 87 90 
Table 11. Average Percentage Scores of Author's Test and 
Average Scores of Stanfo~d Test According to Types 
of Curricula of Students 
Type Num- Average Percentage Score Average Stan-
of ber Total ford 
Curriculun: of Addi- Subtrac- Multipli- Div- PerCent Test 
Case~; tion tion cation is :ion Score Score 
General ~ tl3 87 73 -~f ~% ~2 Q:rmnercial 90 93 77 76 College- 37 87 93 82 80 86 
Preparato y 
I 
rorm below (in Table 12.) The differences between scores 
achieved by general-curriculum students and those o~ the other 
two curriculum groups are compared. In both the author's 
test and the Stanrord test the difference between scores 
Table 12. Statistical Differences of Scores on Author's Test 
According to Types of Curricula of the Students. 
Type 
or 
Curriculum 
General 
Commercial 
Number 
of 
Cases 
74 
37 
Mean 
and 
tr 
Critical 
Commercial 
2. 
2.8 
Table 12a. Setting Forth Data Similar to Table 12, Except 
Excluding Division Problems 
Type Number Mean Critical Ratio 
or of and College 
Curriculum Cases tr Commercial Preparatory 
General 44 21f·39 0.3 0.1 
3.80 
Commercial 74 25.97 0.2 
2.89 
College- 37 26.24 
Preparatory 2.59 
Table 12b. Statistical Differences of Scores on Stanford Test 
According to Types of Curricula of Students 
Type 
o:f 
Curriculum 
General 
Commercial 74 
37 
Mean 
and 
tr 
.. 
8.22 
69.20 
8.30 
765.97 
.80 
Critical 
Commercial 
0.2 
4·.5 
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averaged by general and college-preparatory students was 
significant. If division problems were excluded from the 
author's test, little distinction remained among the students 
of the three curricula. 
In comparing the scores of students (Tables 13, l)a, 13b) 
according to their intelligence-quotient ranges and types of 
Table 13. Statistical Differences of Scores on Author's Test 
According to Intelligence-Quotient Ranges and Types 
of Curricula of Students 
I ntelli- Critical Ratio gence Type Number Mean 
Quotient of of and College 
Range Curriculum Ca~s () Commercial Preparatory 
81-90 General 1 27.86 0.5 5.25 
Commercial 7 ~t·51 
.07 
91-100 General 13 2C$.b2 1.5 
5.96 
Commercial 31 31-45 
·u.. 37 
101-110 General 16 ~-00 5.1 5·9 
'.18 
Commercial 28 33-32 1.1 
4-56 
College- 17 34·59 
Preparatory 3.27 
111-120 General b 29.00 l.b 2.4 
4.80 
Commereial 8 3~:~~ o.6 
College- 12 34-50 
Preparatory 2.60 
;o_. 
: Table 13a. Setting Forth Data Similar to Table 13, Ex cept 
I I Excluding Division Proble ms 
I 
Intelli- Critical Ratio 
gence Type Number He an Quotient o:r of and Comme rcial College 
Range Curriculum Ca ses cr Prooaratorv 
81-90 General 7 24.29 0 • .5 
2.81 
I 
Comme rcial 7 23 • .57 
2 . 38 
I 91-100 General 13 24.62 1.1 
I 4.09 Commercial 31 26.03 
2 .6_9._ 
101-110 General 16 23. 81 2 . 3 2.2 I 
4 . 10 I 
Commercial 28 26 • .5'? 0 . 2 
2.79 
Colle ge 17 26 • .53 
PreparatolY 2 . 66 
i lll-120 General 6 2.5 • .50 o.4 0.8 3 . 0l.f. 
I Co mmercial 8 26 . 2.5 o.LI-
I 3 . 31 Colle ge 12 26.?.5 
Preuara wr y 2 . 0~9_ 
Table l3b . Statistical Diffe rences of Scores on Stanford 
Test According To I nte lligence - Quotient 
Range s and Types of Curricula of Students 
I ntelli - Critical P..e,tio gence Ty-pe Number He an Quotient QI' of and Comme rcial Coll ege Range Currlculum Cases cr- P reu8!" ct or-y 
tl l-90 General 7 0~ .14 l.l 
6 . 9L1-
Comhlercial 7 61.71 . 
3 .1S 
91-100 General 13 b§·§4 0.6 
Co mmercial ~ . .• ' 
31 - 61: 5~ 
lOl-110 Gene rct1 l.b b~ : t~ l.L 1.9 
Commercial 28 72.32 0 . 8 
--
I 
.8 .51 
Co :I. l e ge 17 7~:~4 Preuara iJ:>rY 
lll-120 General 6 6~·00 0.4 2 1 ._... 
.83 
I 
II 
Commercial 8 71 . 2.5 1.7 
10 . 89 
Colle ge 12 78 • .50 
I Preparatory 4 . 03 
I 
curricula, it was found that in similar intelligence-quotient 
ranges college-preparatory-curriculum groups averaged higher 
scores than did general and commercial groups on both tests. 
Also, in the lower intelligence-quotient brackets, general-
curriculum students did better than commercial students; but 
in the higher intelligence-quotient brackets, the reverse was 
true. Differences in scores were significant, however, 
only in scores of the author's test in the 101-110 intelligenc~ 
group range. In this grouping there was a significant 
difference in the scores of general-curriculum students with 
both commercial and college-preparatory students. 
Tables 14, ~a, and 14b compare the average scores of 
students who took three or more years of mathematics after 
eighth grade, according to their type of curriculum. In 
this comparison general-curriculum students did better on 
both tests (except when division problems were excluded from 
the author's test) than did commercial-curriculum students. 
College-preparatory students fared better than either of the 
other two curriculum groups. There was a significant 
difference between the scores of commercial and college-
preparatory students on the Stanford test, and nearly so on 
the author's test. 
f-' n University 
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Table 14. Statistical Differences on Author's Test According 
to the Number of Years of Mathematics Elected After 
the Eighth Grade and the Types of Curricula of the 
Students 
Years of Num- Critical Ratio 
Mathematics Type ber Mean College 
Elected After of' of and Commer- Pre par-
Eighth Grade Curriculum Cases fr cial a tory 
3 to 4+ General 23 32.22 0.3 1.o 
5.02 
Commercial 74 31-90 2.8 
4.85 / / 
.College- 37 34-22 
Preparatory 3·59 _L 
I 
/ 
Table 14a. Setting Forth Data Similar to Table 14, Except 
Excluding Division Problems 
Years of Num- Critical Ratio 
Mathematics Type ber Mean College 
Elected After of of and Commer- Pre par-
Highth Grade Curriculum Cases a- cial a tory 
3 to 4+ General 23 25:~~ O.b 0.2 
Commercial 74 25.97 0.6 
2.89 
College- 37 25.65 
Preparatory 2.56 
Table 14b. Statistical Differences on Stanford Test According 
to the Number of Years of Mathematics Elected After 
the Eighth Grade and the Types of Curricula of the 
Students 
Years of Num- Critical Ratio 
Mathematics Type ber Mean College 
Elected After of of and Commer- Pre par-
Ei.ghth Grade Curriculum Cases o- cial a tory 
3 to 4+ General 23 7~:~~ 2.4 1.5 
Commercial 74 69.20 4·5 
8.30 
College- 37 76·97 Preparatory .80 
52. 
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In Tables 15, 15a~ and 15b the average scores of groups 
of students are compared according to the students' curricula. 
These groups are selected on the basis of having had the same 
number of years of mathematics after the eighth grade, and with 
the same degree of intelligence as measured by a group intel-
ligence test (Otis Gamma B). In all of the comparisons in 
the table above there were no significant differences. Student~ 
in the college-preparatory curriculum did slightly better than 
the general and commercial students. On the Stanford test 
general-curriculum did slightly better than commercial-curricu -
lum students did. On the author's test, when the division 
Table 15. Statistical Differences of Students' Scores on 
Author's Test According to the Number of Years of 
Mathematics Elected After the Eighth Grade, the 
Intelligence-Quotient Ranges, and Types of Curricula 
Years of Intel- Type Num- Mean Critical Ratio 
Mathemat- ligence of ber and College 
ics After Quotient Curriculum of a- Commer- Prepar~ ·· Eighth Range Cases cial a tory 
Grade 
3 to 4+ 91-100 General 7 30.00 0.5 
6.4.1 
Commercial 31 31. 45 
'4.37 
101-110 General tl 33~~ 0.2 0 ·4-4· Commercial 28 3,·32 1.1 
.56 
College- 17 34·59 
Preparatory 3.27 
111-120 Commercia l tl JJ.Jtl o.o 
4.61 
College- 12 34·50 
Prepax•a tory 2.oo 
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Table 15a. Setting Forth Data Similar to Table 15, Except 
Excluding Division Problems 
Years of Intel- Type Num- Mean 
Mathemat- ligence of ber and Critical Ratio 
ics A:fter Quotient Curriculum of' o- College Ei ghth Range Cases Connner- Pre par-
Grade cial a tory 
3 to 4+ 91-100 General 7 166 o.~-Commercial 31 2 .03 
2.6__9_ 
101-110 General (j 2.?·~2 o.s o.s 
~-77 Commercial 28 2 -57 0.2 
2.79 
College- 17 26.5~ Preparator:; 2.6 
111-120 Commercial ti 2b.25 0.4 
College- 12 
3.31 
26.75 
Preparator:; 2.051_ 
Table 15b. Setting Forth Data Similar to Table 15, Except 
Using Stanf'ord Achievement Test Scores 
Years of' Intel- Type Num- Mean Critical Ratio Mathemat- ligence of ber and 
ics Af'ter Quotient Curriculum of' o- College Eighth Range Cases Connner- Prepar-
Grade cial atorv 
3 to 4+ . 91-100 General 7 72.86 1.3 
Commercial 31 9·61 67. 4 
7 ._10 
101-110 General (j 7~.tH? o.o 0.2 
.96 
Connnercial 28 7?-62 0.8 8. 1 
College- 17 74-~1{ Prepare. tor:v 1.2 
111-120 Commercial ts 71-~.2 1.7 
10.89 
College- 12 78 -50 
I, 
Preparator] 4.03 
I 
problems were not considered, the commercial students did 
better than the general students. Excluding division, the 
commercial students did about as well as the college-prepar-
atory students • 
Summary of group comparisons in the Torrington testing.--
The findings from the author's test and the Stanford test are 
as follows: 
1. On the Stanford test, and in division problems of the 
author's test, scores were directly proportional to the 
intelligence quotients of the students. Addition; .. and sub-
traction problems on the author's test were performed equally 
well by students regardless of their intelligence-quotient 
rating. (Table 9) 
2. Students taking the general and commercial curricula 
did less well than the college-preparatory students, taking 
the two tests as wholes. Differences were statistically 
significant between general students and college-preparatory 
students on both tests; between commercial students and 
college-preparatory students on the Stanford test and nearly 
so on the author's test. (Tables 12, 12a, 12b) However, 
commercial-curriculum students did slightly better than 
college-preparatory students in addition and subtraction 
problems, as shown in the breakdown of the author's test. 
(Table 11) 
3. Scores on both tests were directly proportional to 
5.5. 
the number or years of mathematics that the students elected 
10) 
5. When groups within the same intelligence-quotient 
ranges were compared, it was found that college-preparatory 
students were superior on both tests. Commercial-curriculum 
students were slightly better than general students except in 
the lowest intelligence-quotient ranges. However, the differ-
ences were relatively slight except on the range of 101-110 
where the general-curriculum had decidedly lower scores than 
the other two groups on the author's test. (Tables 13, 13a, 
13b) 
6. Commercial-curriculum students were slightly inferior 
to general students on test scores of both tests when they 
were compared on the basis of having had about the same amount 
of mathematics. College-preparatory students were superior 
in this comparison, and the differences between connnercial-
student scores and college-preparatory-student scores were 
significant on the Stanford test and nearly so on the author's 
test. (Tables 14, 14a, 14b) 
7• On the author's test, if the thirty problems of 
addition, subtraction, and multiplication were scored separatelJ 
from the division problems, there was found to be less of a 
difference between the scores of the various groups of students , 
than when division problems were tn:cluded in the scoring. 
(Tables 12, 12a, 12b; 13, l)a, 13b; 14, li~a, 14b; 15, 15a, 
15b) 
8. Wnen equal intelligence-quotient groups with similar 
numbers of years of mathematics in high school were compared, 
it was £ound that the general- and commercial-curriculum 
students were of nearly equal ability on the author's test. 
College-preparatory students were slightly better in their 
average scores. On the Stanford test, college-preparatory 
students were also best, but general-curriculum students had a 
slight edge over commercial students. In no case were the 
differenceSsignificant. (Tables 15, 15a, 15b) 
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CHAPTER IV 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions from Findings 
These conclusions were derived from the findingsof the 
study: 
1. The number of years of mathematics elected after the 
eighth grade was more important than the intelligence quotient 
of the students in their abilities to perform accurately the 
fundamental arithmetic operations of addition, subtraction, 
multiplication, and division. 
2. Students in the lower intelligence-quotient brackets 
showed a lack of ability to perform problems of long and short 
division. Some students claimed after taking the author's 
test that they had forgotten division during their last few 
years of public school, since they had elected no mathematics 
courses and had had no occasion in school to do division 
problems. A required course in the review of arithmetic funda-
mentals would be in order for all students during their junior 
or senior year of high school, if they could not achieve an 
acceptable standard score on an achievement test given them at 
some time during their high-school career. 
3. A greater emphasis upon accuracy in arithmetic should 
be stressed in high school. Most of the errors made were not 
errors of ignorance or forgetting (except for some students in 
58. 
division problems). but were errors of carelessness and in-
_accuracy. 
4· Opportunities should be presented to high-school 
students to use arithmetic processes in mathematics courses 
or in other related subject fields. There is no valid reason 
why over one-fourth of the senior students tested in one high 
school should fail in all 10 of the division examples on the 
author's test, since each student knew how to perform this 
process in pre-high-school experience. 
5. Students electing the college-preparatory curriculum 
were able to perform arithmetic operations with greater skill 
than their fellow students in other curricula, even though all 
groups had about the same intelligence-quotient and number of 
years of mathematics in high school. This might be due to 
several factors: 
a) The college-preparatory student may be more 
interested in studying than students in other 
curricula. 
b) The students in the college-preparatory curriculum 
may have received better i nstruction than did 
students in the other curricula. 
e) The college-preparatory-curriculum student may be ~~ 
given more occasions to use arithmetic computatlon1:.· 
in his daily classes. 
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Three Recommendations 
From a revi.ew of previous research and from the results 
of this brief study, the following recommendations are present-
ed: 
1. Every high-school student should be given some standard 
type achievement or diagnostic test in arithmetic in order to 
determine if he is prepared to perform the simple operations 
in arithmetic which will be demanded in everyday mathematical 
situations. This test can be created locally, although con-
siderable experience in test construction is advisable. One 
such example of a test designed for a particular school system 
in the New York (Cityf)Arithmetic Computations Test, Mixed 
Fundamentals; Grades 7-12, Form A. 
This testing might be done at the end of the junior year. 
Students who, in the opinion of the mathematics department of 
the high school, do not achieve satisfactory scores should be 
required to take a mathematical course for seniors. This 
course would consist largely of a review of arithmetic funda-
mentals combined with practical applications. The topics 
dealt with should have a definite interest value and should 
impart in:formation as well as practice. These topics might 
vary according to the interests of various types of communities 
The emphasis of this senior mathematics course aimed at 
overcoming deficiencies in arithmetic should be placed on 
individual instruction as much as possible. Frequent 
6o. 
diagnostic tests in arithmetic fundamentals will reveal in-
dividual weaknesses, and each student can then be aided in 
overcoming his particular failings. 
The practice followed in an Indiana high school 1/is to 
give the Stanford Arithmetic Achievement Test (Advanced), 
Form D, to all students at the end of the sophomore year. The 
state directive regards a score of 72 as satisfactory, and 
all students who do not obtain this score are required to take 
a Refresher Mathematics Course two days each week for 12 weeks. 
If they cannot pass the Stanford Test at this time, they con-
tinue with Refresher Mathematics for a semester, or up to two 
semesters, until they can pass the test satisfactorily. 
2. In many high schools the students who are graduated 
with an inadequate ability to perform simple arithmetic 
operations are not the 11poorn students chiefly, but are those 
students who 11 get by11 without taking anymathematics after 
freshman algebra. As most traditional freshman algebra 
courses are set up, there is a minimum emphasis upon the 
arithmetic processes and a maximum emphasis upon abstract 
reasoning which the student promptly forgets about as soon as 
possible. Using logic one can conclude that arithmetic 
processes must be emphasized in freshman algebra so that those 
s tudents who elect no further mathematics will have had one 
y A. R. Mahin, nDo We Need Refresher Mathematics?" School 
Science and Mathematics {May, 1946) 46: 471-479· 
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additional year to maintain and develop arithmetic mastery. 
One plan for increasing arithmetic mastery during the 
freshman algebra course has been previously mentioned in the 
Research Chapter, page 24. In that experiment by Guiler about 
one day a week in algebra class was devoted to computational 
arithmetic. It was found that after one semester that the 
group who had special arithmetic practice along with the 
algebra improved greatly in arithmetic ability, while their 
classmates who studied algebra five days a week improved hardly 
at all. Yet Guiler found that both groups averaged the same 
score on an algebra achievement test. Of course, loopholes 
may be found in such an experiment, but the fact remains that 
the group of algebra students who received some instruction in 
arithmetic did improve markedly in their ability to perform 
fundamental arithmetic problems. 
Two other plans,1faimed at preventing any deficiency in 
arithmetic, also begin at the nine-year level. The first of 
these plans offers a course in general mathematics, with an 
introduction to algebra and geomet.ry, . to all students in the 
freshman year. Algebra may be&ected for three semesters in 
the lOth and 11th years, plane and solid geometry for two 
semesters, and trigonometry during the final semester of high 
y H. R. Douglass, "current Trends in the Secondary-School 
Mathematics G-'urriculum 1 , N .E.A. Denartment of Secondary-
School Principals Bulletin TFebruary, 19431 27: 19-24. 
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school. Other mathematics cours~may be elected according to 
the student's needs in place of the traditional ones. How-
ever, at mid-semester of the junior year diagnostic tests in 
the fundamental operations and reasoning of arithmetic are 
given to all students. Senior mathematics is offered for all 
students efficient in arithmetic skills, and both pupils and 
parents are informed of the importance or brushing up ·on 
arithmetic. 
The second plan attempts to orfer four mathematics courses 
during the freshman year. The courses include algebra for 
college-preparatory students, trade mathematics for those 
students who have the quallfications and interest for prepar-
ing for some skilled trade, general mathematics for students 
who are slightly retarded in arithmetic ability and who may 
want to take algebra later, and general mathematics for those 
who are definitely weak in the fundamentals of arithmetic. 
None of these plans may perfectly suit the needs of a 
particular school system, yet they are all on the right track 
in attempting to graduate seniors with acceptable abilities in 
the fundamental operations of arithmetic. 
3· From reading the literature of previous research in 
arithmetic needs, uses, and abilities, and from the results 
obtained in this thesis, it becomes evident that some attempt 
should be made by high schools to graduate students competent 
in the fundamental arithmetic computation and reasoning. 
This may be accomplished in the following ways: 
a) Have a record at the end of the eighth year of 
each student's relative ability in the four funda-
mental operations and reasoning of arithmetic. 
b) Have homogeneous grouping during the ninth year 
in the mathematics classes, and offer the same 
type of course to all students. This course 
would emphasize arithmetic accuracy and applica-
tions, and would introduce informal geometry and 
simple algebra. 1\~ore advanced groups would 
spend more time on algebra and geometry, while 
retarded groups would spend more time on the 
arithmetic aspects of the course. 
c) Permit students to elect whatever mathematics 
course they wish during their .last three years, 
with the stipulation that they be qualified to 
take any particular course thro:g·gh satisfactory 
previous performance. 
d) Require at least one year of mathematics to be 
elected during the student's last three years of 
school. 
e) During the 11th year give some sort of comput-
ational and/or reasoning test in arithmetic to al] 
students. Those students who cannot achieve a 
minimun1 score recommended by the state or local 
64. 
school should be required to take a course in 
senior mathema tics. 
f) Offer the course in senior mathematics not only 
to deficient students but also to any student 
who feels the desire to take practical mathe-
matics which will help him meet everyday comput-
ational problems. 
g) Make senior mathematics an attractive and useful 
course for all terminal students. 
\ 
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APPENDIX 
Boy Girl 
(Name, (Underline one) 
-rE0-c.riE) ... Commercial , General; VocatHmal, etc. 
I n r~ ~ spa ce opposite write the na~e s 
o f ·: ;::~.::; ma thematics courses ym: ~a v e 9th Gracie 
hart :~ ·. t : -:mg yo1ir last four · ye·Jr ~ of --------------~ 
s clv_,,_. : . lC tb. Grade 
(E:'~'"r ;· ~ie s -Algebra I, AlgebrB II, 
~ ;ane Geometry 1 Shop Ma t h , 11th Grade 
·E:·J.:>ine ss Arithmetic, etc., 
c r None} 12th Grade 
------
~ .. ::..reetion 3: 1. Compl e te items above . 
2. Proceed directl y to Part I. There are 
5 addition, 5 s~b trac tion, 5 mult i plicaticn, 
an d 5 division probls~ s to be computed . 
3. When fini shed ·N .l. tll. ~ .. 8.rt I, e:,o i!lllT:ediately 
to Pnrt II. S ~~ilarly there are 5 
pro blems of each type to compute. 
4. If you finish Part II before the end of 
the pericd , check over your answers 
until yo~ are sat isfied t hn t they are 
all correct. 
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•• 
.(1dd: 
1) ~: 2. 38 
27.99 
53.54 
98.66 
Subtract: 
2) • 3750() 
. 4383::. 
• 05 -188 
. 84;:3 CZ· 
. 412 0 'i 
. Part I 
3} 4569 
39623 
2148~) 
28367 
10510 
95972 
4) 43702 
1278 
98451 
74742 
979 
. 1 ) ~- 3 7 ~ 64 9 . 57 
9 1 7r/l , 48 
2) (. 39,506.35 
5,840 ; 73_ 
.. 
1\'Iul tiply: 
1) 879 
7C9 
·~ · 
3 ) 22,1 40,697 
6 ,_?30, 765 
4) 70~ 429,612 
2, 6 ~} , 17~ 
2 ) ~ 35n69 
J.0 62 
3) 36'HJ ,72 
9 . 001 
4) 2 8 91 
.057 
5) $ 4~47 
6~16 
2~55 
15.22 
57485 
4.7l 
• 73 
.39 
2.C5 
6.93 
5 ) 22,31 6 ,908 
8,574 ;364 
5) G4 70 
548 
Divide : ImportP~t - ~8rry d i vis ion t0 3 de cima l pla ce s, 
-G-l c::1--il.-)Zri'd of t' t o 2 d6e1mR l ulace s anc ~;, r it e the 
an ~we r correct ta ~ de ~ ima l ~ l~ces in ~pace pr ovi(ed . 
1) Ans wA-:--__________ _ ~:; ) Answe r 
"' 
•w 
29 .. 5 ) ~; 46 . 29 ---
Divide~ _Imp oJ.:_~_§l n t - r. a rr·y d i vi s .i.cn to _! de c imBl pl a ~ e , 
~hen round off to nearest wbole numbe r and wr ite 
the an swe r to nearest whole ~umbe r in spa ce p~ovided . 
3) An swu r 
------
4) An swer...;,___ _____ 5) Ans wer 
----
36. 4 )&n1-- 13 ) 
.. ; . 
Add! 
1) 55.94 
2.725 
63f , r/6 
6. 335 
Subtract: 
2) 328783 
78156 
96976 
18435 
4C2C4 
Part II 
3) (' 93.32 .,, 
8.86 
2C4.29 
59.CO 
31.27 
7.16 
.98 
1.38 
" 't: 
4) 13768 5) 35C4 
65557 6122 
51964 2£'63 
67605 ~. 591 
99109 84C2 
3481 7528 
--
_§27g_ 
1) ~: 10,181."97 
544.43 
2) 743l.C72 3) 7G,389,4CO 4) 2,339,595 
•6162.3681 -?.2,429,551 D57,57S ..,... ____ _ 
c 
., 
Multiply: 
1) 1563 
<198 
2) 921 .. 5 
1.763 
3) l?.C9 
284 
4) 47e 
632 
-
5) ~2C,G85.5C 
576.23 r--
5) 20.36 
7.350 
Divide: Important - cArry division to ~ decimal places, 
then round off to 2 dedmal places anC. write the 
answer correct to ~ decimal placee in spaco provided. 
1) Ans'Ner 3) Answer 
-----
3) Answer _ __ . __ _ _ 
cl" 
.C76) 6.C821 4. 7) h't; ........ 5 ..... 3-- 22.0) l33 
4) Answer 
-----
5) Answer 
-----
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